Objective: Research clearly shows that balance training improves balance and reduces recurrent injuries. However, the existing data is inconclusive about the effect of balance training exercises on proprioceptive outcomes. While some studies have reported positive effects of balance training on position sense other have reported insignificant findings. For that reason the purpose of this study was to determine if a dynamic balance training program centered on the use of unstable surface exercises can improve lower extremity joint position sense.
INTRODUCTION
Ankle and knee injuries are among the most common injuries in sports and daily life 1 . Reported injury cases range from 2.2 sprained ankles per 1,000 person in each year in the United States of America to 5.3-7.0 sprained ankles per 1,000 person-years in Europe 2 . More than two million knee injuries have been reported US emergency, annually 3 . Persons with a previous ankle 4 and knee injuries are more susceptible to repeated injury and chronic instabilities 5 . It has been reported that 32% to 74% of individuals with a previous history of ankle sprain have episodes of "giving way," recurrent sprains, and residual symptoms such as swelling, pain, feeling of instability 6 . Joint proprioception is thought to be essential for appropriate biomechanics and joint stability as proprioceptors provide sensory feedback neccessary to adjust movement patterns 7 . Musculoskeletal injuries are known to impair joint position sense, an adaptation thought to contribute to the increased risk of recurrent injury 8 .
As a result, research has focused on eliciting improvements in proprioception in order to subsequently improve biomechanics and to prevent injury 9 . Balance training programs are frequently used in an effort to improve proprioception.
Many of these protocols incorporate unstable platform exercises, such as with the use of a BOSU ball. The use of these unstable exercises is thought to better train the proprioceptors at providing quick and accurate feedback for the maintenance of postural control under variable conditions 10 . Theoretically, balance training and more specifically, unstable surface training, should improve both balance and proprioception. On the other hand Kiers et al 11 noted that balance exercises using unstable surface may not have provided appropriate stimulus for ankle proprioception. Research clearly shows that balance training improves balance and reduces recurrent injuries 12 . However, the existing data is inconclusive about the effect of balance training exercises on proprioceptive outcomes. While some studies have reported positive effects of balance training on position sense [13] [14] [15] , other have reported insignificant findings [16] [17] [18] .
For example, Waddington et al 19 reported that 8 weeks of wobble board exercises result in better ankle joint position sense when compared to jump landing training. It has been hypothesized that the uncreased joint stiffness generated during the landing phase of dynamic balance exercises may limit gains in proprioceptive acuity 20 relative to static balance training exercises (ie wobble boards). Increased stiffness may overload the periperhal proprioceptors and therefore limit joint position sense gains despite improvements in postural control.
Therefore, the purpose of this study was to determine if a dynamic balance training program centered on the use of unstable surface exercises can improve lower extremity joint position sense.
MATERIAL AND METHODS
The effectiveness of 4 weeks balance training was assessed by using pre to post design. Dependent and independent variables in the present study were ankle inversion JPS at 10 Inclusion criteria for all participants required that they be between the ages of 18 and 35 and be recreationally active, which was operationally defined as performing at least three aerobic exercise sessions per week for at least 90 minutes. Additionally, participants must have been free from: acute musculoskeletal injuries and concussions for at least 3 months prior to enrollment in the study, free from chronic musculoskeletal conditions, and visual, vestibular (e.g. vertigo), or sensory conditions (e.g. diabetes) that would negatively impact sensorimotor function. Eligibility information was collected with a questionnaire and follow-up interview before participants read and signed an approved informed consent form that was approved by the university's ethics board.
Participants

Pre and Post Test Assessments
In order to assess ankle joint position sense, a passive reproduction of passive positioning protocol was used. In passive reproduction of passive positioning, subjects were asked to match the target angle while the limb was moved by the dynamometer passively. Target angles of 10° and 20° of inversion were used. These angles were based on a recent meta-analysis demonstrating the ability of these positions to discriminate between groups with known proprioceptive deficits 8 . Each participant was positioned on a Biodex isokinetic dynamometer (Biodex Medical Systems, Shirley, New York, USA) chair, with the calf of the tested leg resting on a platform. The dominant limb,the preferred kicking limb, of the participant was aligned with the axis of the dynamometer (neutral position-0 0 ) and attached to the footplate with velcro straps. The untested leg hung freely. All participants were tested barefoot and wore shorts to eliminate additional afferent feedback. All participants were instructed about the procedure before the test was demonstrated to familiarize participant with the process. In the familiarization trials, a participant's foot was passively moved to 10 0 or 20 0 of inversion, randomly, from the neutral start position. Participants were asked to focus on that position for 5 seconds before the foot was passively returned the start position. This familiarization was performed three times. In the test trials, participants were asked to push a stop trigger when they thought the test position had been reached. The speed of the dynamometer was set at 2° per second. The amount of error (degrees), in the participants' ability to match the target angle, was recorded for each test trial. The same procedures were performed for both inversion angles and a total of three trials for each test position were performed with participants blindfolded. If a participant failed to press the trigger, the device was programmed to stop prior to the participants full range of motion so that no injury occured (Figure 1 ).
The same procedure and device were used to assess knee joint position sense with the target angles set at 30° and 45° of knee flexion. These positions where chosen because of the sensitivity of the positions at detecting proprioceptive deficits between healthy and injured individuals 22 . All participants were instructed about the procedures before the task was demonstrated to familiarize participants with the process. The starting position was set as 90° of knee flexion and participants underwent 3 familiarization trials as described above. Three test trials were then conducted for each target angle as described above ( Figure 2 ).
All assessments were conducted in a quiet environment with no distractions. Testing joint and test angles were randomized to eliminate to contribution of any practice effect. 
Balance Training Intervention
All participants underwent a total of 12 supervised training sessions over a 4-week period of time with each session lasting about 30 minutes which described in detailed Cug et al' s study 21 . The balance training program used in the current investigation was a modification of the program initially described by McKeon et al 23 and described previously 21 . The specific exercises that were performed during each training session included: 1) hop to stabilization onto and off of a BOSU ball in four directions (anterior, lateral, anteriomedial, and anteriolateral; 2) mini-squats on a BOSU ball while in a single limb stance; 3) unanticipated reach sequences while stabilizing on a BOSU ball in a single limb stance; and 4) static single limb stance on a BOSU ball (Figure 3) . A brief description of each exercise, the required number of repetitions per training session, and the progression of difficulty levels has been reported by Cug et al 21 . Participants retuned for posttesting within 48-hours following completion of the 12 th training session. 
Statistics
Averaged absolute error of the test trials for the dominant limb quantifed joint-position sense. Absolute error assigns a positive value to errors; it is the difference between the target angle and the participant's estimated angle without examining the direction of error (ie, underestimation or overestimation). Joint position sense outcomes were submitted to separate dependent sample Ttests to determine the effect of Time (Pre and Post). An a priori alpha level of 0.05 was used to determine statistical significance. Hedges g effect sizes and 95% confidence intervals were then calculated to provide clinical meaningfulness to the pre to post changes. Effect sizes were interpreted (small= <0.4, medium= 0.41 to 0.7, large= >0.70) according to Cohen.
RESULTS
Means, standard deviations, p values, and pre to post effect sizes with associated 95% confidence intervals can be seen in Table 1 . Absolute error decreased for 10 o of inversion and 30 o and 45 o of knee flexion despite the lack of significant differences and small effect sizes with 95% CIs crossed 0. 
DISCUSSION
The purpose of this study was to test the effect of dynamic balance training on ankle and knee joint position sense. The current results show that 4 weeks of a dynamic balance training program that emphasizes hop stabilization is not effective at improving ankle or knee joint position sense.
Our choice of using a sample of healthy volunteers, while not inconsistent with the literature, may have impacted our ability to observe significant improvements. Relative to those with musculoskeletal injuries, healthy volunteers should have an intact and functioning sensorimotor system which may have made it harder for measurable differences to have been elucidated.
Another factor that may influence the effectiveness of balance training at improving joint position sense is the type of exercises used in the balance training program. Balance exercises are often described as static or dynamic but dynamic exercises should also be described as impact (e.g. landing and stabilizaing) or nonimpact (e.g. reaching tasks).
Dynamic landing exercises, require eccentric contractions 24 and such contractions may actually lead to proprioceptive disturbances. 25 Agonist and antagonist muscle co-contractions are common in dynamic activities and result in increase joint stifness as a result of the rapid stretching of the muscle spindles. 20 The preparatory muscle activity generated as part of feed-forward neuromuscular control also increase joint stiffness. Previously, Fu and Hui-Chan 20 reported that increased joint stiffness is correlated with poor proprioceptive accuity. Thus, dynamic stabilization may not provide the appropriate environment to train peripheral proprioceptors to improve their fidelity for use in either feedforward or feedback neuromuscular control. Interestingly, Riberio et al 26 showed that knee joint position sense was less accurate and less consistent in elite female volleyball players after a match. Previous research has also shown that force sense, joint position sense, and threshold to detect passive movement at the knee are all disrupted after a singular bout of eccentric exercise. 27 It is extremely possible these results were due to fatigue and or delayed onset muscle soreness. However, Vila-Chã et al 28 noted that eccentric exercise impaired non-weight bearing knee proprioception for at least 24-hours following eccentric contractions. Interestingly, the negative effect was not observed during weight-bearing joint position sense testing, further highlighting the need to assess the sensory receptors stressed during a given activity/intervention. In the present study post test assessments of joint position sense were completed within-48 hours of the final training session. While participants did not report delayed onset muscle soreness, we speculate that our posttest time frame may have been influenced by the lingering effects of the eccentric contractions associated with our balanc training exercises.
Given the potential negative impact of dynamic exercises on proprioception, static postural control exercises may better promote joint position sense. For example, Waddington et al 19 compared the effect of a non-impact (wobble board) and impact training (jump landing) program on ankle/knee movement discrimination and noted that 8 weeks of dynamic wobble board exercises result in better ankle joint position sense and movement discrimination but no differences were noted between the training groups for the knee joint.
It is also possible that the training volume played a role in the lack of significant improvements. The existing literature indicates that at least 4-weeks of balance training is needed to improve postural control but such training volume criteria are not currently available for joint position sense outcomes. 29 The current intervention required 3, 30 minutes sessions per week for 4 weeks (360 total minutes) but failed to improve absolute errors scores at the knee or ankle. Previous research appears to suggest that longer training durations may cause improvements in ankle and knee joint position sense. For example Cug et al 13 found that dynamic non-impact balance training 3 times a week for 10 weeks, improved knee joint position sense by using a passive reproduction of passive positioning protocol in those with healthy people. Similarly, Panics et al 14 found that training twice a week for an entire season (approximately 25 weeks) also improved knee joint active positioning sense but the exact total volume or average weekly training volume was not reported. Interestingly, relatively short balance training durations (6 weeks), which included non-impact static and dynamic exercises, with low training frequency (as low as once a week), and moderate durations (20 minutes) have also resulted in improved ankle joint position sense in those with chronic ankle instability. 15 However, Bernier and Perrin 16 noted that 6 weeks of balance & coordination training (3 weeks per week, 10 minutes per session, mainly non-impact, both static and dynamic balance exercises) failed to improve ankle proprioception assessed by passive joint repositioning. Cumulatively, it appears that larger training durations may improve the probability of seeing joint position sense improvements but the results are not unaniomus as differences in samples used and testing methodology may also play a role.
Joint position sense is typically measured in a nonweightbearing position 16 despite balance training interventions requiring sensory input during weight bearing activities (single limb stance). During non-weight bearing tests, muscles are not active resulting in decreased fusimotor activity and diminished sensory feedback from muscle spindles. Similarly, input from plantar cutaneous receptors appears to play a strong role in sensory feedback 30 and this input would not be assessed during a nonweightbearing assessment of joint position sense. On the other hand, previous research has shown that during weightbearing tests, knee extension and ankle dorsiflexion stretch the calf muscles. These motions enhance input from intramuscular stretch receptors and have a secondary effect on plantar cutaneous receptors and adjacent mechanoreceptors (e.g. ankle capsular receptors and/or receptors in the shank muscles) 31 . This apparent disconnect between receptors stressed during training and those assessed during testing may also contribute to the lack of improvements in the current study and the mixed results in the the existing literature 18, 28 .
The following clinical implications should be suggested 1-) Longer training durations may cause improvements in ankle and knee joint position sense, 2-) Given the potential negative impact of dynamic exercises on proprioception, dynamic non-impact type balance exercises may better promote joint position sense, 3-) Post assessments can be perfomed not only immediately after exercise but also in certain time periods such as 3-5-7 days later after completing the last exercise session.
In conclusion, despite seeing decreases in absolute error for 10 o of inversion, 30 o and 45 o of knee flexion, the dynamic balance training program with an emphasis on stabilization tasks using an unbalanced surface did not statistically change joint position sense for the knee or ankle. It is suggested that dynamic non-impact type balance training with longer duration may have positive affect on ankle and knee joint position sense.
